Abstract. The thermal effects of the currents induced in a massive conductor by an external slowly varying magnetic field are studied with regard to existence and uniqueness of solutions. In the first part a theorem of existence of solution is also given for the thermistor problem with a current limiting device.
On the remaining part of the boundary we assume for the temperature a Dirichlet boundary condition, i.e., u = u0 on^uS,, (2.10) where u0 > 0 is the restriction to S0 U of a C2(Q)-function. We arrive to the following problem Pb, :
Find (p{x) and u(x) such that (2.3) and (2.4) hold in Q. Moreover (2.6), (2.7), (2.8), (2.9), and (2.10) must be satisfied on dQ. Assume <7(0 e <:'(<), K(C)ec'(<), (2.11) > (7(C) > t70 > 0 VC > 0, (2.12) k(Q > 0 vc>0, (2.13) In the sequel we need the following Lemma 2.1. Given a(x) e C°(Q), b(x) e C° (5,) , and a constant V > 0 such that 
Let y/{ be the constant value of on 5, . We claim that > 0. Assume by contradiction y/{ < 0. By the maximum principle in Hopfs form [7] we have where <p] is the constant value on S{ of the solution <p(x) of (2.35)-(2.37). As in (2.32) we have 0 < 9 < dM in ft and 9 e C°'a(ft). Moreover, by elliptic estimates, we obtain ll^llc°-*(S) -c2>
where the constant C2 depends only on the data and not on w . Define
We get 0 < u < u in ft and
It follows that the mapping u = Tw maps A into a compact subset of A. It is also easy to check that T is continuous. Hence by the fixed point theorem of J. Schauder, T has a fixed point. By the usual bootstrap argument, we conclude that the regularity of the solution of problem Pbj depends only on the assumptions of regularity made on a , K, and 9ft. □ Remark 2.1. Uniqueness is not to be expected for problem Pb, without further hypotheses on a and k . An example of nonuniqueness is given in [1] , 3 . Heating in massive conductor caused by the eddy currents. In certain industrial processes small pieces of metal are brought to the melting point with the intense Jouleheating generated by the Foucault currents induced in the specimen by an external variable magnetic field. Now the Wiedemann-Franz law relates the electrical and thermal conductivities with the temperature in metals and reads a = Ck/u, where C is a universal constant. This implies a substantial variation for a in the range of temperature practically encountered. In this section we propose a model, valid for a geometrically simple situation, for describing the heating due to the eddy currents. A theorem of existence of solution is also given.
Let us consider a long, conducting, and homogeneous cylinder of magnetic permeability n and orthogonal cross-section ft, an open and bounded subset of M2 with a regular boundary 9ft. An insulating medium of permeability fiQ fills the space utside the cylinder. Moreover, a time-periodic magnetic field is given at infinity by
where H{r) is a T-periodic regular function and i3 is the unit vector parallel to the axis of the cylinder. We want to find the magnetic field H everywhere, the current density J and the temperature U in the cylinder corresponding to the Joule heating due to the eddy currents. Given the geometry of the situation, we assume
By (3.2) the equation
is satisfied.
We assume we operate with quasi-stationary fields, thus we neglect, the displacement's current in the Maxwell equation In addition, we assume C/(X,0) = 0, (3.12) U = 0 on dQ. x [0, oo).
(3.13)
The thermal and electrical conductivities are supposed to be given functions of tb temperature.
If L, HQ, U0, p0, and kq are respectively characteristic constants for length, magnetic field, temperature, resistivity, and thermal conductivity, we can write the basic equations in nondimensional form defining x -X/L, t-T/T, h(x, t) = H(Lx, Tt)/HQ, 0{x, t) = U(Lx, Tt)/U0, r = p/pQ, k = K/x0.
Equations (3.9) and (3.10) become alht-V*{r(6)Vh) = 0, (3.14) 2"kJF' (3'16)
We want to treat the case in which the ratio a2/ax is much smaller than 1. This is not an unrealistic assumption for certain highly ferromagnetic substances like Si-Fe crystals for which a2/ax , as computed from the data for p given in [4, p. 374], is of order 1CT3. For this reason we neglect, in a rather heuristic way, the time derivative in (3.15). This implies of course the impossibility of satisfying the initial condition 0{x, 0) = 0. In this way we study the quasi-stationary situation which occurs after the body is fully heated up. Let us assume rx > r{0) > r0 > 0, (3.17) kl>k(6)>k0>0. where we assume hQ(t) = h0(t + 1). We discuss first of all the nonphysical, but elementary case in which h0(t) = e~,2nt. The Schauder's fixed point theorem can be applied quite easily to problem (3.31)-(3.32) and the existence of at least one classical solution can in this way be proved. 4 . Existence for the eddy currents problem. In this section we study the following problem Pb2: for all v eH\Cl)nH2(ty.
First of all we derive various "a priori" estimates for the solutions of problem PbM . By the parabolic maximum principle we have in Q : minhJt) < hjx, t) < maxhJt).
(4.10)
Moreover if we proceed as in Lemma 3.1 of [2] , where a similar situation occurs, we can show that un > 0 in Q. where again C is a constant not depending on n .
The following lemma is a straightforward application of the Schauder fixed point theorem. 
